In recent decades the study of stone artefact technology has made many technical advances and substantial contributions to the archaeology of many regions. Until recently, mainland southeast Asian has benefited little from these advances, in part because of the paucity of evidence and in part because of prevailing conceptual frameworks that were poorly suited to the available evidence. The Middle Pleistocene record has a very sparse lithic record suggestive of little more than the presence of hominins on the landscape. The Late and Terminal Pleistocene is better represented and recent work on stone artefact assemblages has demonstrated that the assemblages document important behavioural variation that challenges previous notions of Pleistocene huntergatherers in mainland Southeast Asia. Holocene assemblages, especially from Luang Prabang and the Salween River areas, hold promise for addressing questions about the transition to agriculture, currently a poorly understood process in mainland Southeast Asia.
Introduction
Mainland Southeast Asia is well known amongst archaeologists and the public for its ancient monumental architecture and excavations of large cemeteries at metal-age sites, for example in Thailand and Vietnam. Less well known are the earlier periods represented only by two broad and unspectacular categories of material culture: stones and bones. In this paper I draw mostly on the stone artefact record of human forager groups in mainland Southeast Asia 
History and context
The legacy of previous work is strong in mainland Southeast Asia, especially that of Colani (1927) and Movius (1948) . Colani's work was a culture-historical approach that interpreted visually distinctive flaked artefact forms as diagnostic indicators of cultural groups. One prominent example is the Hoabinhian group. The endurance of this interpretation and its variants is probably due to its convenient simplicity and nationalistic interests in demonstrating cultural connections between the present and deep past (Miksic 1995; Glover 1993 Glover ,1999 Glover , 2001 ). Another reason for its endurance is Colani's French background, with more recent French work in mainland Southeast Asia (eg, Forestier 2000) continuing the tradition of concentrating their analysis on visually distinctive artefact forms. Bowdler's (2006; Bowdler & Tan 2003) work represents an updating of this culture-historical approach with claims that the distribution of sumatraliths, as the fossil directeur of the Hoabinhian, reflect the diffusion of specific gender-specific subsistence or ritual activities. (A sumatralith is an elongated cobble with a distinctive unifacial invasive flaking pattern, Shoocongdej 2001) . The endurance of this focus on visually distinctive artefact forms -also known as types -is also related to the training that many archaeologists receive in Old World archaeology which is still based on typological sequences.
This approach depends of a philosophy of classification that understands visually distinctive artefacts as essential unchanging types, which is problematic because of the continuous nature of stone artefact reduction (Marwick 2008a) . Archaeologists adhering to this problematic philosophy of classification cannot escape it without abandonment of the typological research programme, which is likely to be a very gradual process.
Movius' influence can be seen in interpretations of flaked cobbles, especially larger cobbles (>1 kg) with relatively small numbers of flake scars, as evidence of extremely ancient human activity. These interpretations are often based on little else than the appearance of small numbers of these large artefacts. For example, Forestier et al (2008) conclude from the morphology of ten flaked stone artefacts found in surface contexts that the assemblage is Lower Palaeolithic in age. They describe one piece as a 'cortical trihedral pick' and argue that this piece indicates that an Acheulean variant may be present in Thailand. Moore and Brumm (2007) note that this attribution of 'core tool' assemblages to great antiquity is prevalent in island Southeast Asia also.
The consequence of these legacies is that they have maintained an epistemology of stone artefact analysis in mainland Southeast Asia that has little resemblance to the most productive current approaches to stone artefact analyses. This work is focused on emphasising the reductive process of knapping as a means of understanding technological variability in the archaeological record (Collins 2008 ). This approach is based on the understanding that flaked stone artefacts vary progressively from first use to discard by decreasing in size and changing in form depending on extent and pattern of the knapping that they experience (Shott & Weedman 2007) . Variations in the extent of knapping are often interpreted using generalised ecological theories that explores links between changes in the organisation and efficiency of technology and environmental conditions (McCall 2007; Mackay 2008; Kuhn 2004 ). Abbott et al 1996) . Some of these topics have been recently pursued in island Southeast Asia, particularly as a result of the discovery of Homo floresiensis (Moore & Brumm 2007 ) but they are noticeably absent in the literature of mainland Southeast Asia. In the following sections I attempt to bring available evidence to bear on some of these issues in an attempt to reorient research priorities in mainland Southeast Asia towards more productive frameworks.
Early and Middle Pleistocene
One of the most obvious reasons why mainland Southeast Asia features so little in narratives of early hominin evolution is because of the paucity of remains that have been recovered from the region. This is mostly due to historical reasons, with mainland South- (Ciochon & Olsen 1986; Olsen & Ciochon 1990 ).
These finds typically derive from cave or river terrace deposits with complex depositional histories that are not described sufficiently to have confidence in the claimed biostratigraphic associations. Also, many of these undated remains are heavily worn teeth, making morphological comparisons unreliable, especially given the similarities between Homo erectus and Homo sapiens and between Homo and Pongo (Olsen & Ciochon 1990; Schwartz et al 1995) .
Mae Tha and Kao Pah Nam, Thailand
The earliest evidence for hominins in mainland Southeast Asia is claimed by Pope (1985; Pope et al 1986 Pope et al , 1978 as three flaked stone artefacts recovered from surface fluvial gravel deposits at Mae Tha in Lampang Province, northwest Thailand. The age of the artefacts is argued to be about 0.8-0.6 Ma because the fluvial gravels containing the artefacts are stratigraphically below a basalt layer that has been magnetically dated to 0.73 Ma (Barr et al 1976) and radiometrically dated with K-Ar isotopes to 0.8±0.3 Ma and 0.6±0.2 Ma (Sasada et al 1987) . Pope et al (1978) have also claimed that three flaked stone artefacts and one manuport recovered from excavations at Kao Pah Nam, also in Lampang, have a similar age. This is based on claimed similarities in morphology and lithology to the Ban Mae Tha artefacts, the location of the cave in relation to the dated basalt strata and extinct fauna such as Crocuta, Panthera and Hippopotamus recovered from the excavation. Although these finds have received some acceptance (Higham 1996; Tougard et al 1998) , it is suggested here that the physical relationship between the artefacts and the dated strata is too distant to have confidence in a reliable association between them.
The stratigraphic relationship between the fluvial gravel and the basalt is known from two wells located 150 and 500 m south of the artefacts (Pope et al 1986) (Pope et al 1986) .
Had Pu Dai, Thailand
The next oldest claimed evidence from the intermediate zone is a little-known find of four hominin cranial fragments in a breccia matrix at the front of a cave at Had Pu Dai in Lampang Province, Northwest Thailand (Pramankij & Subhavan 2001a) . The remains are briefly described by Pramankij and Subhavan (2001b) as four pieces that can be conformably refit to resemble the right frontal region of a calvaria with a very thick tabula externa, a thick dipole and very thin tabula interna. The curvature of the vault of the calvaria and the concavity behind the supraorbital torus are suggested by Pramankij and Subhavan (2001b) to resemble Asian Homo erectus specimens from Java and China. Although detailed morphometric data
are not yet available for these pieces, their importance has been signalled by Tobias (2002) , who inspected the finds and did not dispute the interpretation of Subhavan (2001b, 2001a) .
There are no absolute dates available from Had Pu Dai but an age of 500 ka is claimed by Subhavan (2001b, 2001a) The fauna associated with the hominin teeth includes 36 mammal taxa, mostly extinct taxa such as Ailuropoda, Stegodon and Pongo (Olsen & Ciochon 1990) . A general estimate of the age of the faunal assemblage is 475±125 ka, based on averages age estimates using ESR (on tooth enamel) and U-series (on speleothem samples) methods (Ciochon et al 1996) .
Tham Kuyen and Lang Trang, Vietnam
A similar assemblage of Ailuropoda-Stegodon fauna and Homo teeth has also been described from the Lang Trang Caves in northern Vietnam (Ciochon & Olsen 1991) . The hominid specimens are two molars, one premolar, one canine and one incisor and are attributed to Homo erectus based on the chronology of the site rather than morphology, which is not described. Three breccia samples with embedded fossil teeth were dating using ESR methods from 146±2 ka to 480±40 ka. Although no stone artefacts have been found with these teeth, they are noteworthy because they support the idea of hominins inhabiting the landscape in mainland Southeast Asia during the Middle Pleistocene.
Ma U'Oi, Vietnam
The The skull piece is a mid-occipital bone fragment but insufficient features are present to permit taxonomic identification. (Esposito et al 2002 (Esposito et al , 1998 . Based on these dates the context where the Homo tooth was recovered was estimated to date to 169±11 ka. Esposito et al (2002) note that the wide range of results in the Useries dates, especially from the teeth, are significant because they demonstrate the complexity of Useries dating in tropical humid climates that result in highly variable rates of uranium uptake and leakage.
Thum Wiman Nakin, Thailand
The Homo tooth from Thum Wiman Nakin is heavily worn and exhibits a mix of attributes from Homo erectus and Homo sapiens. The asymmetric crown shape and direction of the crown largest dimension resemble Homo erectus, but the completely fused root branches and occurrence of only one apex are specific to Homo sapiens (Tougard et al 1998) . This mosaic of features resembles the left lower first molar from Ma U'Oi, but the heavily worn condition of both specimens prevents anything more than tentative attributions to archaic Homo sp for both. 
Late and Terminal Pleistocene
It is not until much later in the Pleistocene at around 40,000 BP that more robust evidence of stone artefact technology appears in mainland Southeast Asia. cal BP) associated with the lowest artefacts in an undisturbed strata (Anderson 1997 ). An older date of 43,000 BP has been claimed for Lang Rongrien, but this date is ambiguous because it is described in published accounts as ">43,000" BP with no error range, so it is not clear if the age determination is actually 43,000 BP, much younger or even much older Table 1 Dates from Tham Lod area one. Dates without a standard deviation (SD) for the calibrated age were determined by thermoluminescence (TL) methods, the remainder were determined by AMS radiocarbon methods. All ages are in years BP. The absence of definite features in the deposit below the burials meant that the location of TL samples was arbitrary. Pre-treatment procedures between Beta and Wk dates are comparable but unknown for the Akita dates and beyond the reliable range of the method employed (Anderson 1997 (Anderson ,1990 ).
In island Southeast Asia a slightly earlier timing for modern humans is evident at Niah Cave, Borneo.
Stone artefacts are associated with charcoal dated to 46,000 cal BP (Barker et al 2007 However, these dates have been criticised as unreliable because of post-depositional movement of artefacts which weakens the association between the dated samples and the archaeological material. Hiscock (2008:37) and O'Connell and Allen (1998, 2004) show that artefacts have moved up to 8 cm through sediments at the Australian sites dated to 50-60,000 BP, resulting in a false association between artefacts and dated sediments. More reliable estimates come from a pit feature at Malakunanja II dated to 45-52,000 BP (Roberts et al 1990) and stone artefacts found with a human burial at Lake Mungo in sediments dated to 45-50,000 BP (Bowler et al 2003) . 
Terminal Pleistocene and Holocene
It is not until much later that a richer record of hunter- 
Middle Holocene
Fortunately an example of two sites analysed by the same person using the same approach is available.
Using these two sites I present here a brief explanatory sketch demonstrating an approach that contrasts with the culture-historical work that has dominated the region. This sketch is based on analysing strategies of technological organisation evident in stone artefact assemblages and testing hypotheses derived from models of human-environment interaction. Reynolds (1989 Reynolds ( , 1992 The most parsimonious conclusion is that the differences between these two sites are a result of differences in the local environment and land use systems, but without information about the local environments of the sites, this conclusion is tentative.
Although the comparison between Tham Khao Khi
Chan and Banyan Valley Cave is limited, these two sites represent the period of hunter-gatherer history for which the most evidence is available. Figure 6 shows the distribution of radiocarbon dates from a relatively large number of sites dominated by flaked stone artefact assemblages. Counts of radiocarbon dates can be used as a crude proxy for human occupation if the number of dates is proportional to the amount of datable material accumulated in sites due to human activity (Rick 1987; David & Lourandos 1999) and time-averaging processes in deposit formation are equivalent across sites (Frankel 1988) . Unfortunately few data are currently available to defend these assumptions at hunter-gatherer sites in mainland Southeast Asia, so careful attention to sedimentation rates and site formation processes should be priorities in future work to ensure comparability across difference sites. In figure 6 there is a clear peak be- 
Conclusions
Although flaked stone artefacts are ubiquitous throughout the history of hominin settlement in mainland Southeast Asia, they are currently making their greatest contribution to our understanding of the ter- Although the body of previous work on stone artefacts in mainland Southeast Asia is relatively small, it is clear that one of the main criteria of scientific merit has been adherence to early research traditions (for example of Colani and Movius) . Explicit discussion of hypotheses, method and theories has not been prominent in previous work. Here I have advocated a shift to a broad scientific research programme that is based on the use of models as instruments that like evidence to theory, the extraction of hypotheses from models and the confrontation of multiple hypotheses with data as an arbitrator (Hilborn & Mangel 1997) .
The formulation of models and hypotheses should encourage more explicit links between data, method and theory, which has been the most serious weakness of the typological approach. 
